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CLAIMS 

What is claimed is: 

1 . /a surface-mountable electrical circuit 
protection device comprising: 

a firpt supporting substrate having an electrode 
disposed on a first/surface thereof; 

a spcond supporting substrate having an electrode 
disposed on a fir^ si^jfeije" thereof; 

lement comprised of a polymer having 
conductive parl^cle^dispersed therein positioned between the 
first and secorfd supporting substrates and electrically connected 
to the electrqpes; 

a first electrically conductive end termination 
wrapping Ground a first end of the PTC element and electrically 
contacting the electrode disposed on the first substrate; and 

a second electrically conductive end termination 
wrapp/ng around a second end of the PTC element^and 
elect/ically contacting the electrode disposed on the second 
substrate. 




The device of Claim 1 , wherein the first 



element 



ically^cm^^tive\end termination is disposed on the first 
second supporting substrates and the first end of the PTC 

V'' 
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The device of Claim 1 , wherein the second 
electricallwcohductive end termination is disposed on the first 
and se6qm supporting substrates and the second end of the PTC 
. element/ 

5 

The device of Claim 1 ,wherein the 
electrode disposed on the first substrate is in direct contact with 
the first end termination. 

10 < ^ The device of Claim 1, wherein the 

electrode disposed on the second substrate is in direct contact 
with the second end termination. 

The device of Claim 1 , wherein the first 
15 and second g^.p6i^ing substrates are electrically insulative. 
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^ X^* device of Claim 1 , wherein the first 

and second supporting substrates having electrodes disposed on 
first surfaces thereof are comprised of a copper clad PC board. 

The device of Claim 1 , wherein the first 
and second supporting substrates are formed from a material 
selected from the group including ceramic, glass, FR-4 epoxy 
and melamine. 

9. yyThe device of Claim 1, wherein the first 
electrically insulj^g sobstrate has a first end and a second end, 
and the electrode disposed on the first surface of the first 
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electrode 




bstrate extends to one of the first or second end of 
but not the other of the first or second end of the 

The device of Claim^,9fwherein the 
on the first surface of the first supporting 



/ substrate^ in direct contact with one of the first or second 
^ electricaMys^onductive end terminations but not the other of the 
first or/econd electrically conductive end terminations. 



r a third 

ir^ s 



The device of Claim 1, further comprising: 
supporting substrate having an electrode 



disposed on a firjt surface thereof; 

the seOToid supporting substrate having a second 
electrade dispp^^ on a second surface thereof; and 

second^TC element comprised of a polymer 
having conductive particles dispersed therein, the second PTC 
element positioned between the electrode disposed on the first 
surface oi the third supporting substrate and the second electrode 
disposes on the second surface of the second supporting 
subs 




\ O device of Claim ^i+fwherein the first 

PTC element and the second PTC element are electrically 
connected in parallel. 



# 
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The device of Claim 1 wherein when the 
^•^^ .^^^^^evice is electricall^onnected to a circuit having an electrical 
^current flowing thorethrough, the electrical current flows from 
f the first electricam^^onductive end termination to the electrode 
disposed on theiSrst surmce of the first supporting substrate, 
through the^ element to the electrode disposed on the first 
surface of the second supporting substrate, to the second 
electricallm;onductive end termination. 
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f X^gk^. The device of Claim 1, wherein the first 
and second electrically conductive end terminations are 
comprised of a plurality of conductive layers. 
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( device of Claim 1, wherein the 
electrodes are comprised of a metal foil. 

16. / A surface-mountable electrical circuit 
protection deviceycomprising: 

a first substrate having an electrode disposed on a 
first surface the/ 

'ond substrate having an electrode disposed 
on a first surface l/hereof and a second electrode disposed on a 
second surfajte thereof; 

a third substrate having a first electrode disposed 
on a first ^irface thereof; 

a first PTC element comprised of a polymer 
having Conductive particles dispersed therein, the first PTC 
element interposed between the first and second substrates and 
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electriefally connecting the first electrode disposed on the first 
^ubstrate with th^first electrode disposed on the second 
bstrate; 

a second PTC element comprised of a polymer 
having conductive particles dispersed therein, the second PTC 
element int^tpg^d between the second and third substrates and 
electricaHy/coimecting the second electrode disposed on the 
second substrate with the first electrode disposed on the third 
substrate , 

a first conductive end termination wrapping 
arouncya first end of the device; and 

a second conductive end termination wrapping 
aroAnd a second end of the device. 
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The electrical device of Claim 16 wherein, 
rd substrates are electrically insulating. 

The electrical device of Claim 
whereii?;^[eTBrst, second and substrates are formed from a 
mate^^lSySelected from the group comprised of ceramic, FR-4 
ep^y, glasS;^and melamine. 

The electrical device of Claim-i^ 
wherein, the first and second PTC elements are electrically 
connected in parallel. 
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I ^ pX^^ The electrical device of Claim >^ 
wherein, the first and second end terminations are comprised of a 
first and a second conductive layer. 

f^<^ The electrical device of Clairq^S^ 

wherein, the first conductive layer of the first and second end 
terminations is comprised of copper. 

The electrical device of Claimjid^ 
wherein, the second conductive layer of the first and second end 
terminations is comprised of tin. 

The electrical device of Claim J-6^wherein, 
the first conductive end termination is in direct contact with first 
electrode disposed on the third substrate and the first electrode 
disposed on the second substrate. 

^^-24T The electrical device of Claim ^S^herein, 
the second conductive end termination is in direct contact with 
the second electrode disposed on the second substrate and the 
first electrode disposed on the first substrate. 

The electrical device of Clain\^2;*fwherein, 
when current flows through the device the current flows from the 
first conductive end termination to the first electrode disposed on 
the third substrate and the first electrode disposed on the second 
substrate, through the first and second PTC elements to the 
second electrode disposed on the second substrate and the first 
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electrode disposed on the first substrate, to the second conductive 
end termination. 
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26. A g{irface-mountable electrical circuit 
protection device compl^ising: 

a first dlectrically insulating substrate having an 
electrode disposed on a first surface thereof; 

a second electrically insulating substrate having a 
first electrode dispdsed on a first surface thereof and a second 
electrode disposed/on a second surface thereof; 

a>til^tfCQlectrically insulating substrate having a 
first electrode di$t>(J!5^d on a first surface thereof and a second 
electrode dispoafed^n a second surface thereof; 

fourth electrically insulating substrate having a 
first electrode/disposed on a first surface thereof; 

a first laminar PTC element comprised of a 
polymer haVing conductive particles dispersed therein, the first 
PTC element interposed between the first and second insulating 
substrates/and electrically connecting the first electrode disposed 
on the ficfet insulating substrate with the first electrode disposed 
on the spcond insulating substrate; 

a second laminar PTC element comprised of a 
polyrr^er having conductive particles dispersed therein, the 
second PTC element interposed between the second and third 
insulfating substrates and electrically connecting the second 
eledirode disposed on the second insulating substrate with the 
firsrt electrode disposed on the third insulating substrate; 
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a third laminar PTC element comprised of a 
polymer having Conductive particles dispersed therein, the third 
PTC element iiuerposed between the third and fourth insulating 
substrates andyblectrically connecting the second electrode 
disposed on the third insulating substrate with the first electrode 
disposed on/the fojjfth insulating substrate; 

st electrically conductive end temiination 
wrappmg ftrourfa a first end of the device and electrically 
contacting the first electrode disposed on the fourth insulating 
substratrf, the first electrode disposed on the third insulating 
substrale, and the first electrode disposed on the second 
substrate; and 

a second electrically conductive end termination 
wrapping around a second end of the device and electrically 
comacting the second electrode disposed on the third insulating 
substrate, the second electrode disposed on the second insulating 
substrate, and the first electrode disposed on the first insulating 
fubstrate. 

-2^. The circuit protection device of ClairnP6^ 
wherein, the first end termination is disposed on the first and 
fourth insulating substrates adjacent one end of the device. 

2, 5^ ^28^ The circuit protection device of Claim-26^ 
wherein, the second end termination is disposed on the first and 
fourth insulating substrates adjacent a second end of the device. 
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wherein, the first electrically insulating substrate has a first end 
and a second end, the first electrode disposed on the first surface 
of the first electrically insulating substrate extends to the second 
end but not the first end of the first electrically insulating 
substrate. 



wherein, the second electrically insulating substrate has a first 
end and a second end, the first electrode disposed on the first 
surface of the second electrically insulating substrate extends to 
the first end but not the second end of the second electrically 
insulating substrate and the second electrode disposed on the 
second surface of the second electrically insulating substrate 
extends to the second end but not the first end of the second 
electrically insulating substrate. 



wherein, the third electrically insulating substrate has a first end 
and a second end, the first electrode disposed on the first surface 
of the third electrically insulating substrate extends to the first 
end but not the second end of the third electrically insulating 
substrate and the second electrode disposed on the second 
surface of the third electrically insulating substrate extends to the 
second end but not the first end of the third electrically insulating 
substrate. 




The circuit protection device of Claim.26^ 



The circuit protection device of Claim 
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^^f^ The circuit protection device of Claim-a^ 

wherein, the fourth electrically insulating substrate has a first end 
and a second end, the first electrode disposed on the first surface 
of the fourth electrically insulating substrate extends to the first 
5 end but not the second end of the fourth electrically insulating 

substrate. 

] 

33. A method for manufacturing an electrical 

/ 

circuit protection device, the method comprising the steps of: 
1 0 providing a first andr a second substrate; 

forming a first elec/rode on a first surface of a first 

substrate; 

forming a first electrode on a first surface of a 
second substrate; 

15 providing a fir^t PTC element; 

laminating the first PTC element between the first 
electrode formed on the firsi substrate and the first electrode 
formed on the second subsyrate to form a laminate; 

forming a tirst end termination that wraps aroimd 
2 0 a first end of the laminate^and is in electrical contact with the 

first electrode on the firsj substrate; and 

forming a second end termination that wraps 
around a second end of me laminate and is in electrical contact 
with the first electrode pn second substrate. 
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34. TMe method of Claim 33 wherein, the 
laminating step is carried out in a heated press. 
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35. The method jbf Claim 33 wherein, the first 
and second substrates are comprised of copper clad FR-4 epoxy 
and the electrodes are formed by elching away portions of the 
copper cladding. 

36. The method of Claim 33 wherein, the 
laminate is plated with a conductive layer and the first and 
second end terminations are forme^d by removing portions of the 
conductive layers. 



37. A method for manufacturing a plurality of 
electrical circuit protection devices, the method comprising the 



steps of: 



providing a firstt second and third substrate; 
forming a plurality of first electrodes on a first 



surface of the first substrate; 

forming a plurality of first electrodes on a first 
surface of the second substrate; 

forming a plurality of second electrodes on a 
second surface of the second substrate; 

forming a plurality of first electrodes on a first 
surface of the third substrate; 

providing a first and a second PTC element; 

laminating me first PTC element between the 
plurality of first electrodes formed on the first substrate and the 
plurality of first electrodes formed on the second substrate; 

laminating the second PTC element between the 
plurality of second electrpdes formed on the second substrate and 



ni 
ni 
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the plurality of first electrodes/formed on the third substrate to 
form a multi-layered PTC shiet; 

forming a plurality of openings in the sheet to 
expose portions of the mum-layers (i.e., the substrates, the 
5 electrodes and the PTC elements); 

applying a first conductive layer to the multi- 
layered PTC sheet and th^ exposed portions of the multi-layered 
PTC sheet; 

applying k second conductive layer to the first 
I 1 0 conductive layer; / 

1 etching jaway portions of the first and second 

conductive layers to create a plurality of first and second end 
terminations, each of the first end terminations contacting one of 
plurality of first electrodes formed on the third substrate and one 
15 of the plurality of fir|t electrodes formed on the second substrate, 



and each of the second end terminations contacting one of the 
plurality of first electrodes on the first substrate and one of the 
plurality of second mectrodes formed on the second substrate; 
and I 

2 0 fomjing the sheet into a plurality of electrical 

circuit protection devices, each device having one of the plurality 
of first and seconci end terminations. 
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